Introduction
Endolymph maintains a unique ion concentration that presents high-K + (approximately 150 mM) and low Na + (approximately 1 mM). This unusual extracellular fluid composition of the endolymph is important for proper auditory transduction. K + transport mechanisms in the cochlea have been elucidated [1] and the processes involved in Na + transport in the cochlea have also been reported recently [2] . Epithelial cells of the Reissner's membrane (RM) [3] [4] [5] and outer sulcus cells [6] were reported to contribute to endolymphatic homeostasis by absorbing Na + .
Claudius' cells form an epithelial sheet on the basilar membrane and continue partially up the cochlear lateral wall [7] . Claudius' cells form a functional syncytium through formation of gap junctions and are in the middle of a putative lateral K + recycling pathway [7] . On the other hand, it was reported that the strongest mRNA expressions of amiloride-sensitive epithelial Na + channel (ENaC) subunits were observed in the Claudius' cells of rats by in situ hybridization [8] .
Thus Claudius' cells may also have capability to absorb Na + from the endolymph.
Variations in the intensity and duration of acoustic stimuli would cause fluctuations in endolymph cation composition if there were no regulation of the rates of secretion and/or absorption. Secretion and absorption in the cochlea are known to be regulated by purinergic signaling [9, 10] . Taken together we investigated the possibilities of Na + absorption through ENaC and its purinergic regulation in the Claudius' cells using voltage-sensitive vibrating probe technique, which is suitable for the study of transepithelial vectorial ion transport in small epithelial domains.
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Materials and methods
Tissue preparation
Sprague-Dawley rats at postnatal 3 weeks were studied. Rats were anesthetized with sodium pentobarbital (50-100mg/kg intraperitoneally) and were killed under a protocol approved by the 
Voltage-sensitive vibrating probe
The voltage-sensitive vibrating probe technique was used to measure transepithelial currents under short circuit conditions. The current density (I sc ) was monitored by vibrating a platinumiridium wire microelectrode that was insulated with parylene-C (Micro Electrodes, Gaithersburg, Maryland, USA), which had been coated with platinum black on the exposed tip. 
Solutions and chemicals
In all experiments, both sides of the epithelium were perfused with a perilymph-like physiologic saline containing (in mM) 150 NaCl, 3.6 KCl, 1 MgCl 2 , 0.7 CaCl 2 , 5 glucose, 10 HEPES at pH 7.4. All drugs were purchased from Sigma (St. Louis, Missouri, USA). Amiloride was dissolved in dimethyl sulfoxide (DMSO) and then diluted to 0.1% DMSO in the control solution before application. DMSO at this concentration had no effect on the short circuit current. 
Data presentation and statistics
Data were expressed as mean ± SEM (n=number of tissues) of the I sc . Increases or decreases in I sc were considered significant at a P value of less than 0.05. Paired t-test was used for statistical analysis.
Results
We measured baseline I sc of Claudius' cells in the control solution and the change of I sc after application of amiloride (10 μM Administration of amiloride led to a significant inhibition of the baseline I sc (75.8 ± 12.6%) which was changed to -3.03 ± 2.93 μA/cm 2 (n=8, p < 0.05, Fig. 2 ). We also measured the change of I sc after administration of uridine triphosphate (UTP, 100 μM). The application of UTP led to a partial inhibition of I sc (by 38.2 ± 3.2%, n=5, p < 0.05), and subsequent addition of amiloride abolished the remaining I sc (Fig. 3, Table 1 ). In contrast, the application of UTP after pretreatment of amiloride, which abolished most of baseline I sc , showed no change of I sc (n=5, Fig. 4, Table 1 ).
Similar inhibitions of I sc by amiloride and the purinergic agonist adenosine triphophate (ATP) were observed (Fig. 5) . Taken together, these results indicate that purinergic agonists partially inhibit ENaC-mediated Na + absorption in the Claudius'cells of rat and gerbil. 
Discussion
Claudius' cells are cuboid cells that cover the endolymphatic side of the basilar membrane and extend along the width of the basilar membrane from Hensen's cells to the spiral prominence of the basal turn [7] .
They form a tight cellular border between endolymph of the scala media and perilymph of the scala tympani. Their apical surface contains short microvilli, and their borders are sealed on their endolymphatic surface by tight junctions [11] . Claudius' cells were regarded as a pathway for K + recycling [7] . However, our results showed for the first time that the Claudius' cells absorb Na + through ENaC and they are regulated by UTP-responsive P2Y purinergic signaling. This functional scheme was also observed in gerbil Claudius' cells and is in exact accordance with the process in the epithelial cells of the Reissner's membrane [10] .
The majority of the baseline I sc was reduced by application of 10 µM amiloride, which indicates that Na + absorption via ENaC is a major ion transport in the Claudius' cells. The electrical driving force across the apical membrane in vivo is the sum of the endocochlear potential of about +80 mV and the likely basolateral membrane potential of about -100 mV [7, 12] or a total of 180 mV. If intracellular Na + is maintained at about 10 mM, there will be a chemical driving force of -60 mV for Na + since endolymphatic Na + is about 1 mM in the cochlea.
It is conceivable that the inward net electrochemical driving force for Na + across the apical membrane (180-60=120 mV) would therefore strongly drive Na + absorption and consequently contribute to maintain Na + low in the endolymph. This Na + movement might be associated with endolymphatic homeostasis via aquaporin 4 which was expressed in the Claudius' cells of human temporal bone demonstrated by immunohistochemistry [13] . Interestingly, aquaporin 4 knockout mice were reported to exhibit an elevation in the auditory brainstem threshold [14] .
On the other hand, it should be noted that there was still remaining I sc (about 24.2% of the baseline I sc ) after application of amiloride. It is unknown as yet which ion transport accounts for this remaining I sc , although electrogenic Cl -secretion would create an I sc of the same polarity.
This result is quite different from the previous report [10] Many cells in the endolymphatic duct do not have cell-to-cell gap junction communication [7] and therefore have to use another signal pathway to coordinate their activity. In this aspect extracellular nucleotides (ATP and UTP) and their purinergic receptors have an important role in paracrine and autocrine communication systems in the inner ear [9] . ATP is released from most cell types and acts as a natural agonist for purinergic receptors. UTP is also released from cultured cells of different tissues and may function as a natural agonist [15] . These extracellular nucleotides are coupled to purinergic receptors that are divided as ionotropic (P2X) and metabotropic (P1 and P2Y) receptors in several isoforms. The P2X channels are ATP-gated ion channels and metabotropic P2Y receptors are made of different subtypes of G protein-coupled nucleotide receptors. UTP used in this study is an agonist effective only to specific P2Y receptors [16] . Our results agree with previous reports in other epithelial cell types in the viewpoint that activation of P2Y receptors by 100 μM UTP resulted in a partial inhibition of amiloride-sensitive Na + transport (38.2%, Fig. 3 ). This partial inhibition at this concentration has been reported in other epithelia, i.e., 42.9% in gerbil Reissner's membrane [10] , 76% in human bronchial epithelia [17] , 40% in normal human airways [18] , and 49.1% in mouse distal nephron [19] . It can be speculated that like in many other epithelia extracellular ATP or UTP decreases ENaC activity through P2Y purinergic signaling by depletion of phosphatidylinositol 4,5-bisphosphate 9 [PI(4,5)P 2 ] in the plasma membrane of Claudius' cells [10, 18, 20] . In addition, purinergic signaling in Claudius' cells may inhibit a putative Cl -secretion.
From a physiologic point of view, it has been proposed that a nucleotide such as ATP reduces the sensitivity of sound transduction, especially under the condition of noise exposure. For example, if noise exposure elevates ATP levels in the scala media, then parasensory K + extrusion from endolymph via ionotropic P2X receptor would be increased and K + transport into scala media from the stria vascularis by activation of metabotropic P2Y4 receptor would be decreased [9] . Na + absorption via the Reissner's membrane epithelium [10] and Claudius' cells would be reduced by activation of P2Y receptors, leading to an increase of Na + concentration in the scala media. On the other hand, activation of P2X receptors in the apical membrane of many of the cells in scala media [9] by endolymphatic ATP would counteract the effect of P2Y receptors on Na + concentration. Therefore, the net movement of endolymphatic Na experiments.
